Objective: To assess the factors associated with malnutrition among children <5 years in Burkina Faso. Design: This study was based on secondary analysis of cross-sectional population-based data from Burkina-Faso Demographic Health Surveys 2010. Setting: This study was carried out in Burkina Faso, West Africa. Participants: The participants were 6337 children <5 years and their mothers. Main outcome measures: Demographic characteristics, child nutrition and health status, and maternal and household information were collected. Survey-specific SAS procedures for weighting, clustering and stratification in the survey design were used. The distribution of different nutritional status, such as underweight, stunting and wasting and the effects of risk factors on malnutrition was analyzed. Results: Out of 6337 children <5 years, 51.0% of children were male and 57.8% of children had an average size at birth. There were 15.6, 21.5 and 10.6% of children who recently suffered from diarrhea, fever and acute respiratory infection, respectively. Child sex, age, size at birth, child morbidity, mother's education and body mass index and household wealth index were significantly associated with undernutrition among children <5 years in Burkina Faso. Conclusions: In addition to the improvement of household wealth index, more health and nutritional education for mothers should be implemented by the government to improve health and nutritional status of children <5 years in Burkina Faso.
Introduction
Malnutrition, mainly undernutrition, among children <5 years is prevalent globally [1, 2] , particularly in the developing countries, including Burkina Faso [3] . In 2014, 95, 159 and 50 millions of children <5 years suffered from underweight, stunting and wasting, respectively [1] . Malnutrition contributes to nearly half of all deaths in these children in Asia and across sub-Saharan Africa [1] . The previous studies using demographic and health surveys (DHS) data also reported that child malnutrition still remained public health concerns [4, 5] . According to DHS 2011 in Nepal, the prevalence of underweight, stunting and wasting was 29, 41 and 11%, respectively, among children under 5 years [4] . Similarly, the prevalence of underweight, stunting, wasting was 36, 41 and 16%, respectively, among 7530 children <5 years in Bangladesh using the data from 2011 DHS [5] . In two neighboring countries (Mali and Niger) of Burkina Faso, the prevalence of underweight, stunting and wasting was 29, 43 and 34% as well as 13 20 and 9%, respectively [6, 7] . Vollmer et al. [8] found that 22.7% of children were underweight in the range of 18% in Jordan and 41.7% in India, 35 .6% of children were stunted in the range of 8.7% in Jordan and 51.1% in Niger, and 12.8% of children were wasted in the range of 12% in Peru and 28.8% in Burkina Faso using the data from 121 DHS in 36 low-and middle-income countries.
Nutritional status is one of the best indicators of children's wellbeing. The causes of child malnutrition are numerous and multifaceted. Poverty was usually considered as the primary cause of malnutrition [9] . Bain et al. [10] reported that food insecurity, poverty, parental education, climate change, government policies and socioeconomic inequalities were potential causes of malnutrition in Sub-Saharan African countries. Additionally, the previous studies found that other factors, such as the presence of diarrhea or acute respiratory infection (ARI) [11] , household food insecurity [12] [13] [14] , maternal education [15] [16] [17] and no consumption of vitamin supplements or fortified foods [18] , were important contributors to child malnutrition.
Burkina Faso is one of the poorest countries in the world, ranking 183 out of 188 countries [19] , and showing little improvement in recent years. A high proportion of poverty combined with the fact that this country is landlocked, makes the population, particularly vulnerable to threats of economic shocks, such as high food prices, and to limit access to food. According to the report by the Ministry of Health, the epidemiological profile of Burkina Faso is marked by the high burden of diarrheal disease, malaria, ARI and malnutrition [3] . Several studies have consistently demonstrated that high prevalence of malnutrition among children <5 years in Burkina Faso [3, 20, 21] . According to World Health Organization, the corresponding critical thresholds for underweight, stunting and wasting are 19, 29 and 9%, respectively [22] . Therefore, the present study aimed to assess the factors associated with malnutrition among children <5 years in Burkina Faso using DHS IV data, and the results could be the reference for the implementation of new strategies to reduce malnutrition among children <5 years in Burkina Faso.
Methods

Study design and sampling
This study was based on secondary analysis of cross-sectional population-based data from Burkina Faso Demographic Health Surveys (BFDHS) 2010 to investigate the factors associated with malnutrition among children <5 years in Burkina Faso. BFDHS 2010 was implemented by the National Institute of Statistics and Demography from the Ministry of Economy and Plan in collaboration with the Ministry of Health in Burkina Faso, Global Program of Demographic and Health Surveys, and ICF International. Briefly, BFDHS 2010 was designed to produce representative samples at the national, regional and ruralurban levels. The surveys employed two-stage sampling design. In the first-stage sampling, 574 clusters, including 176 in urban and 398 in rural areas were respectively selected by taking a systematic sampling with probability proportional to size as the number of households in the cluster. The second-stage sampling was involved the systematic sampling of households from the selected clusters. A total of 14 424 households was selected from the BFDHS 2010. Children <5 years and their mothers from BFDHS 2010 were finally selected for further analysis. The participants for this study were 6337 mother-child pairs.
Ethical considerations
The protocol for this study was reviewed and approved by the Burkina Faso National Ethics Committees for Health Research, the Institutional Review Board of ICF International, and the Centers for Disease Control and Prevention in Atlanta. An informed consent statement was read to the respondent at the beginning of the personal interview, and it was emphasized that participation was voluntary. The authors did not seek further ethical clearance because the data were completely anonymous.
Data source and collection
This study analyzed the data from the Burkina Faso Demographic and Health Surveys 2010 [23] . Data collection procedures have been described and published in BFDHS 2010. Briefly, the data were collected by visiting households and conducting face-to-face interviews to obtain information on the participants' demographic characteristics, child health and anthropometric data, household wealth, environmental factors and others [23] .
Independent variables
Child demographic data (sex, age, birth order), child health and morbidity (size of the child at birth, type of birth, recent diarrhea, fever and ARI), and maternal and household information (mother's age, mother's education, mother's BMI, household wealth index, number of children <5 years, place of child delivery, marital status, place of residence, source of drinking water and access to sanitation) were collected.
Nutritional status
The anthropometric indicators, including weight-for-age, height-forage and weight-for-height were used to determine nutritional status. Child malnutrition was classified as underweight, stunting or wasting using the definition of weight-for-age Z (WAZ) score below −2 standard deviation (SD), height-for-age Z (HAZ) score below −2 SD, and weight-for-height Z (WHZ) score below −2 SD, respectively [24] .
Statistical analyses
The statistical analysis was performed using Statistical Analysis System version 9.4 (SAS Institute Inc., Cary, NC, USA). Since the DHS sampling design includes both under-and over-sampling, all analyses were conducted with sample-weighted data to take into account the complex design of multi-stage cluster surveys, and to ensure the sample data were statistically valid. Survey-specific SAS procedures for weighting, clustering and stratification in the survey design were used. A SAS procedure PROC SURVEYFREQ was used to estimate the weighted frequency, percentage and standard error of participants' characteristics. The prevalence of undernutrition (underweight, stunting and wasting) was also determined by using PROC SURVEYFREQ to reflect the population characteristics of children at the national and cluster levels. Univariate and multivariable logistic regression models (PROC SURVEYLOGISTIC) were used to determine the factors associated with nutritional status among children <5 years in Burkina Faso. A P < 0.05 was considered significant.
Results
Participant's characteristics
Out of 6337 children <5 years, 21.4% of children were under 12 months, 51.0% were males, and 57.8% of children had an average size at birth (Table 1 ). In terms of child morbidity, 15.6, 21.5 and 10.6% of children recently suffered from diarrhea, fever and ARI, respectively. Regarding maternal information, 25.8 % of mothers aged from 25 to 29 years, 84.2% were illiterate, 78.5% had BMI ranging between 18.5 and 24.9 kg/m 2 and 97.4 % were married.
Additionally, 42.1% of households had poorest or poor wealth index, 83.6% of participants lived in the rural area, 24.6% of households drank unimproved water and 76.1% of households had access to unimproved sanitation.
Prevalence of malnutrition
The results showed that the prevalence of underweight (WAZ < −2), stunting (HAZ < −2) and wasting (WHZ < −2) was 25.8, 34.8 and 15.7%, respectively, among children <5 years in Burkina Faso (Table 2) .
Factors associated with undernutrition
The factors associated with child undernutrition were analyzed using univariate and multivariate PROC SURVEYLOGISTIC model. The results of the relationship between explanatory factors and child undernutrition using the univariate analysis showed that most factors including child sex, child age, type of birth, child health, mother's age, education, and BMI, household wealth index, number of children under 5 years, place of child delivery, place of residence, source of drinking water and access to sanitation were significantly associated with child undernutrition before controlling for other factors (Table 3 ). The results of the multivariate analysis found that the majority of the factors still had a significant association with child undernutrition. However, birth order, place of residence, source of drinking water and access to sanitation were not significantly associated with children undernutrition (underweight, stunting and wasting). Neither number of children under 5 years nor marital status was significantly associated with underweight and wasting. In the model of multivariate analysis, the results showed that males (OR = 1.22, 95% CI: 1.08-1.38, P < 0.01), multiple births (OR = 2.25, 95% CI: 1.52-3.33, P < 0.001), and children who had diarrhea (OR = 1.25, 95% CI: 1.05-1.49, P < 0.05) and fever (OR = 1.20, 95% CI: 1.01-1.26, P < 0.05) were more likely to be underweight compared with the reference group (OR = 1.00). Whereas children who were older (36-47 months OR = 0.81, 95% CI: 0.55-0.94, P < 0.001; 48-59 months OR = 0.68, 95% CI: 0.53-0.89, P < 0.001) or had larger size at birth (average size OR = 0.70, 95% CI: 0.56-0.85, P < 0.01; larger than average size OR = 0.44, 95% CI: 0.35-0.54, P < 0.01), mother with older age (35-49 years OR = 0.61, 95% CI: 0.38-0.97, P < 0.05), higher education (primary OR = 0.80, 95% CI: 0.64-0.99, P < 0.001; secondary and above OR = 0.61, 95% CI: 0.36-0.97, P < 0.01), or larger BMI (18.5-24.9 kg/m 2 , OR = 0.51, 95% CI: 0.43-0.61, P < 0.01; ≥25 kg/m 2 , OR = 0.35, 95% CI: 0.25-0.50, P < 0.001), household with higher wealth index (richer OR = 0.79, 95% CI: 0.62-0.98, P < 0.01; richest OR = 0.63, 95% CI: 0.43-0.92, P < 0.05), and children delivered at hospital (OR = 0.79, 95% CI: 0.68-0.91, P < 0.01) were less likely to be underweight among children under 5 years compared with the reference group (OR = 1.00). Regarding children stunting status, the results found that males (OR = 1.27, 95% CI: 1.12-1.44, P < 0.01), children who were older (12-23 months OR = 3.63, 95% CI: 2.91-4.5, P < 0.01; 24-35 months OR = 6.43, 95% CI: 5.18-7.99, P < 0.001; 36-47 months OR = 4.92, 95% CI: 3.88-6.23, P < 0.001; 48-59 months OR = 3.38, 95% CI: 2.69-4.26, P < 0.001), multiple births (OR = 1.76, 95% CI:1.21-2.57, P < 0.01), and household with more than three children under 5 years (OR = 1.30, 95% CI: 1.09-1.54, P < 0.01) were more likely to be stunted compared with the reference group (OR = 1.00). Children who had larger size than average at birth (OR = 0.68, 95% CI: 0.56-0.84, P < 0.01), mother with older age (35- 0.31-073, P < 0.01) were less likely to be wasted compared with the reference group (OR = 1.00).
Discussion
The prevalence of malnutrition, particularly stunting (34.8%), was higher among children <5 years in this study. Similarly, the two National Nutrition Surveys in 2012 and 2015 reported that the prevalence of underweight, stunting and wasting in children <5 years was 24 vs. 24%, 33 vs. 37% and 11 vs. 10%, respectively [3, 25] . These percentages were higher than the corresponding World Health Organization critical thresholds [22] . The evidence showed that child malnutrition remained a serious public health issue in Burkina Faso but better than the findings from the previous studies in India [26, 27] . In India, the previous studies in Mysore district and West Bengal found that underweight, stunting and wasting were present in 60 vs. 64%, 55 vs. 53% and 43 vs. 22% of children, respectively [25] [26] [27] . The prevalence of malnutrition in this study was similar or slightly higher than the previous studies in Africa [28, 29] . In Eastern Ethiopia, the prevalence of underweight, stunting and wasting in children under 5 years was 21, 46 and 11%, respectively [28] . Out of 2083 children under 5 years in Ghana, 13, 28 and 8% of children suffered from moderate underweight, moderate stunting and moderate wasting, respectively [29] .
Several risk factors may contribute to child malnutrition. Child sex, age, size at birth, child morbidity, mother's education and BMI, and household wealth index were identified to be the most contributing factors to affect child malnutrition in this study. This study showed that males were significantly more likely to be underweight, stunted and wasted than females in children <5 years in Burkina Faso. Consistent with the previous results, boys were more likely to become underweight, stunted and wasted than girls in children under 5 years in Ethiopia [30, 31] . Additionally, 10 sub-Saharan African countries reported that boys under 5 years were more likely to become stunted than girls under 5 years [32] . Therefore, males are vulnerable to have malnutrition compared with females in children <5 years. Children with larger than average size at birth were less likely to be underweight, stunted or wasted. Similarly, the previous study in Bangladesh showed a very strong positive association between low birth weight and malnutrition among children <5 years [5] .
The association between infection and child malnutrition is bidirectional [11, [33] [34] [35] , and this study showed that child morbidity such as diarrhea, fever and ARI were associated with malnutrition among children <5 years. The present study reported that diarrhea increased the risk of being underweight and wasting. In addition, fever was shown as a risk factor for being underweight, while ARI was found as a risk factor for being wasting. The children were more vulnerable to be infected possibly due to their living environment such as the source of drinking water and household sanitations. The childhood illness could be prevented by educational Frequency (n) and percentage (%) are weighted to reflect the characteristics of children at the national and clusters levels. SE, standard error. Table continued intervention related to child healthcare and the implementation of integrated community case management to improve the health and hygiene practices [36, 37] . Universal health coverage should be provided at all care levels to ensure optimal quality of healthcare and favorable health outcomes for children [38] .
Mother's literacy affected the nutritional status of the children. Underweight, stunting and wasting were more present in children from illiterate mothers. Maternal illiteracy was significantly associated with malnutrition in children under 5 years, suggesting that improving mother's education or literacy could be one of intervention strategies to reduce child malnutrition [15-17, 28, 39, 40] . In addition, the present study observed a significant association between maternal BMI and child's nutritional status. A low maternal BMI was associated with child underweight, stunting and wasting in this study. Similarly, the previous study reported that maternal stature was inversely associated with offspring mortality, underweight and stunting in infancy and childhood using 109 DHS in 54 low-to middle-income countries [41] . Another study also found that the child born to an underweight mother increased the risk of being stunted and underweight by 5 and 24%, respectively, compared with that born from a healthy-BMI mother in Bangladesh [42] . Maternal and child malnutrition still remain a public health concern. Improved diet and healthcare for women before and during pregnancy and lactation would significantly reduce child undernutrition. Low maternal BMI leading to child undernutrition could be due to poor diet or low household wealth index. This study found that the poorest household wealth index was also a risk factor for child malnutrition. In agreement with the previous studies in Bangladesh, Haiti and Nepal using DHS data, poor household wealth index exerted significant influence on child malnutrition [40, 43, 44] . The wealth index reflects the socioeconomic status of household which could be a potential contributing factor to child malnutrition [14] .
Study strengths and limitations
The strengths of this study are significant. To the best of our knowledge, this study is the first one using DHS data to assess the factors associated with malnutrition among children <5 years in Burkina Faso. This study used a large population-based study and nationally representative samples, allowing for the conclusions that cover the entire country. In addition, this study investigated the potential risk factors correlated with malnutrition among children <5 years using child demographic characteristics, child health and morbidity information, maternal information and household data. As a limitation, this study did not include dietary intake and biochemical data to assess nutritional status of children <5 years, which could be considered in the future study.
Conclusions
Using national data, the results of this study provided strong evidence to the ministry of health and policy makers about the contributor's factors of child malnutrition in Burkina Faso. Based on these findings, interventions should be focused on child health promotion and prevention, improvement of household wealth index and food security, including mother's awareness regarding health nutritional care of children <5 years in Burkina Faso. New policies in nutritional intervention, particularly for mother with low BMI and children who have smaller size at birth, current diseases such as diarrhea, fever and ARI, OR, odds ratio; CI, confidence interval. *P < 0.05, **P < 0.01, ***P < 0.001.
should be implemented by the government to improve health and nutritional status of children <5 years in Burkina Faso.
